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Development and total synthesis of paclitaxel
Takayasu YAMAUCHI
Laboratory of Synthetic Organic Chemistry, Institute of Medicinal Chemistry, Hoshi University
O
O
OH
OAcO
OH
O
OH
O
H
OAc
Paclitaxel
Ph
NH
Bz
Bz
1
2
3
4
5
7
8
91012
13
2'
A B C
D
HO
OAcO
OH
O
OH
O
H
OAc
Bz
1
2
3
4
5
7
8
91012
13 A B C
D
Baccatin III
Figure 1. Structures of paclitaxel and baccatin III
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Figure 2. Structure and activity of paclitaxel
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Scheme 1. Chemical mechanism of isotaxel to paclitaxel
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Scheme 2. Holton’s synthetic route
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Figure 3. Chemical syntheses of paclitaxel
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Scheme 4. Nicolaou’s synthetic route
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Scheme 5. Postulated mechanism of McMurry cyclization
??????????????????????? 24
??? A?????????? 25?????????
?????? A? C? D? 3????? 26???? ?
?????????????? 27????? ????
??????? Heck????? 8????? 28??
?? ?? A?? CD??? B??????? Nicolaou
?????????? Nicolaou ? C9-C10?????
???????????? Danishefsky? C10-C11?
???????? ???????? Ni2+- Cr2+????
????????????? Barbier-type?????
?????????????? ???????????
???? Heck??????????????????
?????????? Nicolaou??????????
?? D??????????????? ???? Heck
?????? 8?????????????????
??????????
3?4 Wender??????
1997????????????????? Wender
?????? Holton????????????? ??
?????????????????????? A? B?
C? D?????????????? ?Scheme 7?? ?
?????????????????????????
????????? ??????? 29 ?????
Holton ?????????????????? Grob
fragmentation????? ?????? A? B????
???????30???????? ???? Holton
???? C-3??????????31???? ????
??????? C?????????32??????
??????????????? ??Wender???
?????? ???????????????10??
??? ???????????? ?????? ????
??????????????????? ??????
????????????
3?5 ????????
?????????????? Nicolaou??????
A?? C????? C9-C10????????? B?
??????????? ?????????? ????
? A??????? C ??????????????
????????? B??????????????
?????????? ?Scheme 8?? ???????
?????? ????? ??? ???????????
?????? scheme 9??????????????
????????? ??? 36?? ?????????
???????????????????????9,
10?-37? 9,10?-37?????????? ?23???
???? 9,10?-37???????? ??? 2-???
???????????????? 7????? 38?
exo??????????? ??????? ?????
? 7???????????????????? 2??
???????? exo???????? ??????
???????? ?????????????????
??????????? 9,10?-37? endo?????
?????????? ????????? ??????
?? scheme 10????????? Sharpless asym-
metric dihydroxylation????????? A???
???????????????????? 39? C?
?????????40?????? ????????
?????????????????????????
????41????????? C2? C???????
Proc? Hoshi Univ. No.53, 2011
? ??? ?
OTBS
O
O
OH
1) mCPBA
2) DABCO
3) TIPOTf
O
TIPSO
OO
OTBS
TIPSO
OAcO
HO OBz
O
OBOM
1) DMAP
2) TrocCl
TIPSO
OAcO
HO OBz
OTroc
OBOM
paclitaxel
29
1303
32
verbenone
O
?
??
?
?
?
?
?
Scheme 7. Wender’s synthetic route
OSiR3
OR2
CH(OR1)2
RO
MXn
O
R
O+R1
OR
R3SiO O
R
OR1
OR
O
H H H
534333
? ?
Scheme 8. Concept of the 8-membered ring cyclization by
Kuwajima
O
O
O
OTBS
BnO
H
O
H
OMeMeO
93%
Li
OTMSNC
Pd(PPh3)4
K2CO3
49%
O
OTBS
BnO
H
HO
OMeMeO
O
O
OTBS
BnO
H
O
TfO
O
O
O
OTBS
BnO
H
O
O
O
Heck react ion
paclitaxel
24
25
7262
28
Wieland-Miesher ketone
?
?
?
?
?
?
?
?
Scheme 6. Danishefsky’s synthetic route
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Scheme 10. Kuwajima’s synthetic route
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Scheme 11. Mukaiyama’s synthetic route
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Paclitaxel is an anti-cancer chemotherapy drug that is used for the treatment of breast, ovarian, lung, bladder, pros-
tate, melanoma, esophageal, as well as other types of solid tumor cancers. It promotes the assembly of microtubules from
tubulin dimmers and stabilizes microtubules by preventing depolymerization. Its supply currently is not by total synthe-
sis but semi-synthesis from baccatin III for high cost.
The number of competing research groups worldwide joined the race for total synthesis of paclitaxel, the molecule with
all the features to attract the interest of synthetic chemist. Success for 6 research groups only has crowned their efforts
toward the achievement of that goal. Professor Robert A. Holton and Professor Kyriacos C. Nicolaou in 1994, Professor
Samuel Danishefsky in 1995, Professor Paul A. Wender in 1997, Professor Isao Kuwajima in 1998, and Professor Teruaki
Mukaiyama in 1999 in order of publish.
